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SUMMARY

This is Volume I of a three volume report which
describes the development and application of a taxonomy
of tactical flying tasks. Volume I details the procedures
used to develop a surface task analysis of selected tactical
maneuvers. This technique proceeded from a behavioral
stimulus-organism-response paradigm in describing flying
tasks in terms of the sequential pilot-aircraft relationships
as task elements. The resulting data from the surface
analysis process became the data base from which the task
taxonomy was generated.
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PREFACE

This report represents a portion of the research
program of Project 1123, United States Air Force Flying
Training Division, Mr. James F, Smith, Project Scientist;
Task 112302, Instructional Innovations in the United States
gii Fggcg Flying Training, Mr, Robert R. Woodruff, Task

cientist.

Credit for the initial development of this study as a
contract effort belongs to Capt Jack Thorpe who is now with
the Air Force Office of Scientific Research, Bolling AFB.
His work in writing the statement of work and guiding the
formative stages of the contract was fundamental to the
success of the final product,

Dr. Edward E. Eddowes, Technical Advisor, Air Force
Human Resources Laboratory, Flying Training Division,
Williams Air Force Base, Arizona, provided much guidance
and insight throughout this effort. His contributions were
particularly valuable because of his close association with
Mr. Meyer in producing a Behavioral taxonomy of undergraduate

ilot training tasks and skills, a research effort upon
which the present study was based.

The authors express appreciation to Lt Col Tom Rush,
Chief of the 4444th 0S, Luke Air Force Base, Arizona, and
to Maj Kirk Ransom and Maj Dick Phillips, TAC/D00S, for
their cooperation and support in the contract effort.

An essential element for this study was obtaining
interview data from aircrew personnel at the 334th and
336th 0S, Seymour Johnson Air Force Base, North Carolina.
The focal point for coordinating these interviews was
Cant Larrie Harlan, to whom the authors are grateful.

Capt Bill Schnittger, Chief of the F-4 Ins.ructional
Systems Development Team, Luke Air Force Base, Arizona,
acted as principal liaison between the Contractor/Contract
Monitor and the Tactical Air Command personnel involved in
this project. The authors appreciate his continuing
cooperation and contributions throughout the study, without
which the contract could not have been successfully
completed.

Valuable information and suggestions for the project
were contributed during various meetings with the Contractor
by Maj J. D. Brown, Capt Dave Yates, Maj Al Lavoy, Maj Bill
Mack, Capt Jim Icenhour, and Mr. Don Alford of the 4444th OS,
Luke Air Force Base, Arizona, and by Lt Col Dick Lee,
TAC/TAWC, Eglin Air Force Base, Florida.

5

e

SasSRlianag




INTRODUCTION

In 1974 the Flying Training Division of the Human
Resources Laboratory supported a study to develop a
Behavioral taxonomy of undergraduate pilot training
fasks and skills l%eyer, Laveson, Weissman & Eddowes, 1974).
The objective of the study was to develop a uniquely
detailed method of classifying the fundamental flying
abilities which underlie the UPT program. By focusing on
the pilot's aircraft control behavior, rather than on the
training maneuvers themselves, the study produced an
efficient and economical data system from which improved
flying training concepts and methods could be derived.

In the present study, the taxonomic foundations
developed for the UPT have been extended to the tactical
flying task domain. The objective of this effort was to
produce a task classification system for tactical flying
which would go beyond the bounds of a descriptive task
analysis as an analytical tool. Using this system, training
developers could determine and substantiate the content of
training programs. They also would be able to analyze
various training problems and develop alternative solutions.
The approach throughout the present study was to document
each stage of the development and application of the task
taxonomy so that operational personnel would have a working
set of procedures from which to proceed. Accordingly, the
information presented in this technical report is organized
for the operationally oriented user.

The report is presented in three separate volumes,
Volume I documents the development of a surface task analysis
of sixteen representative tactical tasks and presents
instructions to the user on how to generate such a surface
analysis. Volume II explains the development and use of a
system of classification rules and describes how the rules
were applied to generate the taxonomic system in a data
matrix form; the second section of Volume II contains
instructions for classifying data and developing the tax-
onomic structure. Volume III of the report presents a
series of applications of the taxonomic system as an
analytical tool and illustrates how the taxonomy can be.
applied to a range of training problems and questions. The
examples used were taken from an operational training
organization,
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Using the UPT taxonomy (Meyer, et al., 1974) as a
point of departure, the focus of Volume I was on the analysis
of tactical flying tasks and the development of an analysis
format compatible with classification system requirements.,
A technique called surface task analysis was developed.
Since it constituted the raw data for the taxonomy, great
care accompanied the development of the surface task analysis.
The accuracy of raw data in the surface analysis would affect
the integrity of the entire taxonomy system. Rules were
carefully structured for use in performing the surface
analysis on specific air-to-air and air-to-ground flying
tasks. Since it was beyond the scope of the study to address
the entire task domain of tactical flying for all tactical
aircraft, representative tasks and aircraft were selected.
A sample of sixteen tactical maneuvers was selected as
representative of tactical flying: seven air-to-ground
maneuvers and nine air-to-air, These representative tasks
became the informational source for the surface analysis
which provided a critical input to the establishment of a
real-world oriented data base.,

In addition to the representative maneuvers, the F-4E
aircraft was selected as a representative tactical aircraft
gince it has both air-to-air and air-to-ground capabilities,
and a wide base of pilot experience exists in the F-4E.
Thus, the task analysis for the present effort was based on
pilot performance in the F-4E.

Volume I is divided in two independent sections. The
first section documents the development of surface task
analysis rules and format. The second describes the
application of this analysis technique in a step-by-step
manual. The manual has been prepared so that flying
personnel could perform a successful surface task analysis
without prior analysis experience.
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BACKGROUND

The surface analysis was defined as a sequence of
cues, mental actions, and motor actions performed in close
temporal proximity and directed toward the completion of a
specific task. The end product of the analysis was a
complete description of a flying task or maneuver, sequence
by sequence. The cues were the inputs which a pilot
received from his flying environment to perform a basic
task sequence. These cues were processed by the pilot, by
means of a specific mental action. Finally, outputs were
the result of the mental action in the form of motor actionms,
typically movements of the aircraft flight controls. Of
the three elements in this sequence, the mental action was
the most difficult to describe; however, appropriate mental
action categories were developed based on the cues and
motor actions of each sequence. The Pilot-Aircraft
Relationships shown in Figure 1 describe the Stimulus-
Organism-Response (SOR) analysis model rationale used by
psychologists (Woodworth & Schlosberg, 1954). The cue,
mental action, motor action sequence adapted for this study
utilized the SOR concept; however, the terminology was
specifically tuned to the flying vernacular and the needs
of the flying training researchers.
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SURFACE TASK ANALYSIS ELEMENTS

The cues (C), mental action (Me), motor action (Mc),
or C-Me-Mo sequences as primary behavioral descriptors
constituted the foundation of the surface task analysis.
It will be necessary, therefore, to understand how the
categories within each element sequence were defined.

Cues - Cues were defined as all the inputs from the
aircraft and the outside world which could be used by the
pilot to properly perform a particular flying task. These
cues were divided in four basic categories: visual, aural,
control, and motion cues.

Visual Cues - The visual cues (everything the pilot
gees) were divided into outside or environment generated
cues; and inside, or aircraft generated cues. Typical
outside visual cues would be the horizon or cloud formations.
Inside cues would be information obtained from flight in-
struments or a radar display. A 1list of visual cues
developed for the surface task analysis is shown in Table 1.

Table 1. Visual Cues List

Outside/Environment Inside/Aircraft

Generated Cues Generated Cues

Sky Earth l. Flight Instruments
2. Engine Instruments

1. Horizon 1. Landmarks 3. Tracking Instruments

(pitch & bank) 2. Target Area 4. Status Lights

2. Target or 5. System Panels

Leading Aircraft

3. Weather

E

Aural Cues - The aural cues were divided into eight
specific categories. The most basic aural cues were
engine and slipstream background sounds. Other examples
of aural cues included warning tones and standard UHF or
VHF communications. The € .ght categories are shown in
Table 2.

10




Table 2, Aural Cues List

Fﬁ l. Communication

2. Weapons Tones

3. Warning Tones

4. Weapons Discharge
5. Engine

6. Slipstream

7. Reconfiguration
8. Hits

Control Cues - The control cues were separated into
the dynamic tactual (aileron, stabilator, rudder, and
throf%%o’ pressures of the flight controls exerted on the
arms and legs, and the more discrete tactual pressures of
such thinge as switches and knobs involved in the operation
of all other system control functions. The cues selected
for use in the surface task analysis are shown in Table 3.

Table 3. Control Cues List

Dynamic Tactual Discrete Tactual
Aileron Toggle and Rotary Switches
Stabilator Push Buttons
Rudder Rotary Knobs
Throttle Levers

T-Handles
| Triggers

Motion Cues - The motion cues were noted as stimuli
which could be sensed by the body receptors as a result of
aircraft movement. Some of the typical motion cues sensed
were vibration, pitching movement, and positive or negative
G-force. The motion cues determined for use in the surface
task analysis are shown in Table 4.

Table 4. Motion Cues List

1. % G-Force

2. Vibration

3. Buffet

4, Acceleration
5. Deceleration k
6. Pitch, Roll, and Yaw

11




Use of the Cues Categories - Rules and procedures
were developed for the specific application of the cues
categories in the performance of a surface task analysis.

Figure 2 shows a sample format of the cues categories
as they would appear in a surface analysis. Reference to
this format will assist in understanding the rules or
procedures pertaining to each cues category.

cie Bl cuss
A. | CONTINUES STRAIGHT AND LEVEL
AT CRUISE POWER
Visual-Pitch att: level
Bank att: level
Aural-Normal aircraft sound
Control-Neutral aileron,
gtabilator & rudder
pressure
Motion-Normal G

FPigure 2, Sample format cues categories.

Visual - Referring to Table 1, note that the outaide
pitch and bank attitude cues are listed first and refer to
the aircraft in relation to the horizon under Visual Flight
Rules (VFR) conditions. Other potential outside visual
cues are: target or leading aircraft, weather, landmarks,
or target area, A double space was used to separate horizon
cues from all other visual cues. Inside cues were also
listed in the order suggested in Table 1, with flight
instruments first. When an Instrument Flight Rules (IFR)
flying analysis was performed, pitch and bank attitudes
were %iated above all other flight instrument cues. Visual
cues are listed below:

Pitch: Level, Climb, Descent, Constant, Constant Variable¥*,
and Increasing/Decreasing/Constant Climb or Descent

Bank: Level, Rolling, Constant or Constant Variable¥

Target, Weather, Initial Point (IP), Landmarks, Flight
Instruments, Engine Instruments, Tracking Instruments

(sight picture, radar presentation), Status Lights (warning,
ready, lock-on, etc.), Systems Panels (navigation communi-
cation, armament, etc.)

*This describes a close tracking situation.
12




Aural - The two most basic aural cues were engine and
slipstream background sounds. For analysis purposes, these
were considered "normal"™ aircraft sounds when they were
constant. Any variation from constant was considered a
change in aircraft sound. For example, the reduction of
power would be noted as a change in aircraft sound. All
other aural cues should be noted as they occur below the
basic aircraft sounds. Typical aural cues or sounds are
listed below:

Engine, Slipstream, Reconfiguration, Communication, Weapons
Tones, Warning Tones, Weapons Discharge, and Hits

Control - In the surface task analysis, the term
"gtabilator® refers to the pitch control of the aircraft.
Reference to the rudder included either manual input or an
aileror/rudder interconnect system. The term "neutral
pressure"™ was used to describe a control condition if the
aircraft was trimmed. Typical control cues are derived
from those listed below: :

Aileron, Stabilator, Rudder, Throttle, Toggle and Rotary
Switches, Push Buttons, Knobs, Levers, T-Handles, and
Triggers

Motion - Motion cues made up the last cue category.
The motion cues are stimuli which can be sensed by the
body. Physical pressures, such as: positive or negative
G-forces, acceleration, vibration, pitching, and yawing,
were identified. In the surface analysis, 1 G flight was
described as "normal G." Motion cues used in the analysis
were described as follows:

Normal G, Unloaded G, Positive G Onset, Negative G Onset,
Constant Positive G, Constant Negative G, Increasing
Positive G, Increasing Negative G, Decreasing Positive G,
Decreasing Negative G, Vibration, Buffeting, Pitch and
Roll (Increasing/Decreasing/Stabilized/or Constant
Variable®*), Yaw, Acceleration, or Deceleration

*This describes a close tracking situation.

Mental Actions - As perceived by the pilot, cues
resulted in various types of cognitive processes which were
termed mental actions. This was pragmatic rather than
theoretical, since mental processing for purposes of a
behavioral taxonomy was regarded as an input/output system
rather than a psychological construct. The mental action
category involved four separate mental processes which
were basic to the performance of most hand, foot, and eye
tasks. Discerns, sustains, anticipates, and determines
were selected as behavioral verbs to describe the mental

13




actions for this analysis. Each behavioral verb is listed
below with its respective cognitive description. These
descriptions are specifically oriented to flying situations
as they pertain to the surface task analysis,

Use of the Mental Action Categories

Information
Behavior Processing Cognitive Description
Discerns Specific Cue This behavior occurs with

Processing the perception and recog-
(Short Term nition of a specific cue.
Memory Process/ This process utilizes short
Storage) term memory storage. The
identification of a desired
airspeed, the observation
of a specific point at
which a task sequence is
to begin, or the comprehension of a verbal
communication are examples of the activities
which require that cues perceived be remem-
bered only long enough to recognize the
correlation with an actual situation and a
desired state,

Sustains Continuous This behavior occurs as
Iterative cyclic short term memor
Processing rocessing that maintains
(Short Term a task segment in which cue

Memory Process) arameters remain constant.
Ef Is the mental activity

required to control an
aircraft during a turn,
after the roll in, and before
the roll out. Similar mental
activity may occur during climbs, descents,
and cruise flight,

Anticipates Memory Recall This behavior occurs prio
Processing to a particular portion o
(Long Term a fasE and triggers the !
Memory Process/ ecision process for a
Storage) number of suEseguen¥ Task
ESBESBEE%- 8 e pre-
cursor of subsequent mental

actions and involves the
recalling of learned facts

4
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Information
Behavior Processing Cognitive Description

and routines required for the planning of
tasks. Anticipation involves long term
memory storage of procedures or facts about
the performance of the task.

Determines Multi-Cue This behavior occurs in the
frgcessing X basic decision making and
Short Term roblem solvin rocesses
Long Term and always involves multiple
Memory Process) cues and evaluatlions. Tﬁfs

Ts the most elaborate and
complex mental activity.
Determination also identi-

ies e decision makin
and problem solvin rocesses which ascer%ain
the extent a motor actlion should be done or

has been done.

Mental Action Combinations - Not all mental actions
could be clearly defined, even in the analysis of simple
tasks. This was all the more true when attempting to
describe the complex processes involved in basic fighter
maneuvers. For more complex functions, rules for the
mental action category were expanded to include a time
sharing capability. This allowed the mental action to
accommodate dual mental processing in a single skill
sequence, thereby creating a real-world situation where
the pilot's cognitive apparatus/structure appears to be
successfully processing more than one type of mental func-
tion at the same time. The following mental action combi-
nations were utilized in the surface task analyses.

1. Sustains (Continuous Iterative Processing) was
used with Discerns (Specific Cue Processing) when the motor
action resulting from specific cue processing did not
require the need for new control outputs. Example:
Communication was discerned and comprehended while the
aircraft flight path remained unchanged.

2. Anticipates (Memory Recall Processing) was always
used with Sustains since anticipation involved only the
planning of subsequent task sequences.

3. Sustains was also used with Determines (Multi-Cue
Processing) when the outcome of the determination would not
result in an aircraft control output, e.g., the transmission
of communication or system setup while the aircraft flight
path remained unchanged. Figure 3 presents the surface
analysis mental action category with a time shared
combination.

.
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a MENTAL ACTION

Anticipates roll
in to turn

Sugtains level
flight

Figure 3. Mental action combinations.

Motor Actions - The motor action category described
what tThe pllot did with the aircraft flight controls or
subsystem controls based on the preceding cues and mental
actions in a task element sequence. It was necessary,
therefore, to select proper action verbs which would
adequately describe the resulting motor activity. This
category was expanded to encompass the actual flying and
system functions involved in tactical flying tasks. The
following are the motor action verbs and descriptions
adopted for the surface task analysis.

Use of the Motor Action Category

Action Verbs Description
Coordinates The movement of two or more controls

simultaneously in their proper
relationship to obtain a desired
control effect.

Moves The displacement of a control from a
previous position,

Adjusts The incremental regulation of a
specific control to obtain a desired
effect,

Maintains The continuation of a controlling

pressure on an aircraft control.

16




Action Verbs Description
Increases The augmentation of a controlling
pressure on an aircraft control. i
Relaxes The reduction or easing of a
controlling pressure on an aircraft
control.
Activates The discrete engagement of a specific

toggle switch, push button, knob,
rotary switch, lever, T-handle, or
trigger.

Communicates The motor action involved in either
initiating or acknowledging radio
transmissions (RT).

Checks The act of turning the head or head
and body in order to inspect the
position of a target, or target area,

Example: Checks six (6 o'clock or aft position of the
aircraft) for target or possible target.

Example: Checks 360 degrees (or as much azimuth and
elevation as possible around the aircraft) for target or
possible target.

Figure 4 is a typical example of how the motor action
appears in the surface analysis.

B MOTOR ACTION

Waintains required
aileron, stabilator
& rudder control

Figure 4. Motor action example.
17




It should be noted that for this surface task
analysis, the pilot was considered to be perfect. This
rule was adopted in order to eliminate the need for
developing a drawn out list of multiple contingency
activities. s
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RATIONALE FOR SURFACE TASK ANALYSIS SEQUENCES

During the development of the surface analysis, it
became evident that a logical framework wculd be required
upon which to base the sequencing of task activities., It
was noted that groups of related task element sequences
were preceded by an anticipatory mental process. This
rationale was expanded into a procedure which could be
formalized in order to achieve a consistency of expression
within the surface analysis. It was determined that a
complete maneuver could be thought of as a combination of
a number of task segments. Each segment or element
sequence had the common denominator of being anticipated
or planned and followed by sequences to the next antici-
pation point. This suggests a chaining effect in which the
element sequences comprising a maneuver can be labeled and
shown in temporal proximity as in Figure 5,

The 90 degree level turn shown in Figure 5 is a
relatively simple task having two anticipation sequences
within its framework. Using this turn as the example, it
can be noted that Prepares, Starts, Continues, Stops, and
Establishes have been used to describe the major milestones
of action for the transitions from straight and level flight
to the establishment of the proper bank (turn rate of the
aircraft). The turn rate, once established, is sustained
or held until roll out is planned. The transition segment
to straight and level flight is described by the same
milestones (Prepares, Starts, Continues, Stops, and
Establishes).

Listed below are basic sequence names with the
appropriate mental actions developed for the basic 90 degree
level turn.

Basic Sequence Name Mental Action(s)
Continues .« o« ¢« « ¢« « o« o« o o« o« o o oJDiscerns/Sustains
Prepares o« « « o« o« o« ¢ o« o« o« o o s o oAnticipatee/Sustains
Starts ¢ o ¢« s % 5 ¥ ¢ % 8 4 6 & & @ .Determines
Continues ¢ © » # 6 o« 5 » o o o s o sDetermines

StOPB ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o o o o oDetermines
Establishes & ¢ 6 o 6 & o & o & o eduUstains

As the analysis development continued, it was found
that this basic sequence format could be utilized, though
often modified, even in the analysis of complex air-to-air
maneuvers; thus making the analysis more predictable and
fulfilling the need for a measure of consistency required
for a useful taxonomic classification.
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SURFACE TASK ANALYSIS FORMAT

The task analysis format was developed to accommodate
the cue, mental action, and motor action categories.
Figure 6 shows a surface task analysis of the 90 degree
level turn maneuver discussed in the Rationale For Surface
Task Analysis Sequences. The analysis format shows that
it has been arranged into three distinct vertical columns
labeled 1. CUES, 2., MENTAL ACTION, and 3. MOTOR ACTION.
The task identification block is situated above the three
columns. It contains essential information regarding the
task such as describing the aircraft "state™ at the time
the task sequence analysis is to commence. The task block
identifies the task, while the task goal describes the
required objective of the maneuver. The element sequences
(EL. SEQ.) are listed alphabetically (A, B, C, D, etc.) and
identify or address each sequence within the total task.
At the beginning of each element sequence is the basic
gsequence name, such as CONTINUES, PREPARES, and STARTS,

which describes the major milestones within the transitional

task segment being analyzed.
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SITUATION aircraft straight ard level at cruise power =pd trimmed,
TASK NO. 01 TASK 9C° level VFR turn AIRCRAFT General
Roll in 45° - €0° bank and roll
TASK GOAL_ out to perform a 90° level turn. DATE LG
LY B cues EJ mental acrion |[E] motor acTion
hA. |COETINUES STRAIGHT ALD LEVEL |FLIGHT

Visual-Pitch att: level
Bank att: level

Landmerks
Aural-llcrm21 aircraft sound
Control-Neutrzal aileron,

statilator & rudder
pressure
Motion-Normal G

Discerns start
point for turn

Sustzins level
flight

|Visua

ARES FOR LEVEL TURN
Visual-Pitech att: level
Bank att: level
Landmarks
sAural-Normzl aircraft sound
Control-sileron, stabilator
and rudder pressure
Motiorn-Normel G

S LJiI
1-Pitch att: level
Bank att: level

START

Larcmarks
Aural -Nor aircraft sound
Control-Aileron, stabilator
i rudder pressure
[Lotior-Normal G

Anticipetes roll in
to turn

Sustains level
11light

Determines position
to begin roll in

Maintains required
aileron, stabilator
and rudder control

oordinates aileron
rudder with
3tabilator pressure

o Q2

n

Figure 6.

90 degree level VFR turn. (Pages 22-25)

R




Z
SITUATION Aircraft straight and level at cruise power and trimmed.
Tasw No. B _wask. 29 Jewel VFR dupg AIRCRAFT General
Roll in 45° - 60° bank and roll
2 p.
TASK GOAL out to perform a 90° level turn. DATE 1977 :
SEQ. B cues EJ mentar acrion |[E] motor action

D. |CONTIKUES ROLL
Vigual-Pitch att: increasing
Bank att: roll

Larncdmarks Determines satis-
Aural-Normzl aircraft sound |factory roll rate
Control-Increased aileron, & reed for power

stabilator & rudder

pressure
Notion-Positive G onset,
pitching up, rolling lMaintains coordinated
aileron and rudder
pressure, increased
stabilator pressure,
adjusts throttle
E. |STOPS ROLL
Vigual-Pitch att: increasing
L3 Bank att: roll
Landmarks Determines proper

Flt .Instr:ADI,Alt,A/S |bank attitude
Aural-Chg. in aircraft sound Jachieved
Control-Constant aileron &

rudder pressure,

increased stabilator

pressure, throttle Coordinates aileron
advancg and rudder with
Motion-Increasing positive G, stabilator movement

pitching up, rolling
F. |ESTAELISHES LEVEL TURN

{(Vigual-Pitch att: constant
Bank att: constant

Landmarks Sustains level turn
Aural-Normal aircraft sound
ICortrol-Neutral aileron &
rudder, increased
stabilator pressure
Jllotion-Constant positive G,
piteh 2nd roll Maintains required
stabilized aileron, stabilator
& rudder pressure




Z
SITUATION Aircraft straight and level at cruise power ené trimmed.
TASK NO.__O1 yask_90° level VFR turn AIRCRAFY_Gereral
Roll in 45° - 60° bank and roll
TASK GOAL__out to perform a 90° level turn. pATE_ 1977
. o 1 N E} mentaL action ] votor acrion
‘ G. |PREPARES FOR ROLL OUT
| Vigual-Pitch att: constant
Bar} - -
Bark att: constant Anticipates roll
Landmarks out tc level flight
Aural-Normal aircraft sourd
Corntrol-Neutral aileron, Sustains turn
stzabilator & rudder
i pressure
‘ Motion-Constant positive G,
! pitch & roll constant lfaintains required
, aileron, stabilator
k & rudder control
H. |STARTS ROLL OUT
Visugl-Pitch att: constant
—  Bank : 5 : !
Bank att: constant |n.yornines position
Landmarks to roll out to
Aural-Normal aircraft sournd |level flight
Control-Aileron, stabilator
& rudder pressure
Motion-Constant positive G,
piteh & roll constant
Coordinates aileron
& rudder and relaxes
stabilator pressure
— s it B e e —
I. |CONTINUES ROLL OUT
Visual-Pitch att: decrezsing
= Bank att:
PERECEE SH RN e Determines satis-
Larndmarks factory roll rate
Aural-Chg. in aircraft sound ed to decrease
Control-Ircreased aileron, power
stabilator & rudder
pressure
Motion-Decreasing positive G
pitch decreasing, Mairtains coordinated
rolling aileron & rudder |
pressure, reduced i
stabilator pressure, !
adjusts throttle
5
‘A
\
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Aircraft straight and

level a2t cruise power and trimmed,

SITUATION
TASK No_ Ol IASK 900 level VFR turn A'RCRAFT General
Roll in 45° - 60° bzrk and roll
TASK GOAL out to perform a 90° level turn. DATE 1977
: . B cuss EJ mentar acrion |[E] motor action

STOPS ROLL
Visual~Pitch att: decreasing
Bank att: rolling

Landmarks

Aural-Chg. in aircraft sound
Control-Constant aileron &
rudder pressure,
reduced stabilator
pressure, throttle
decrease
lotion-Decreasing positive G
pitch decreasing,

Determines level
attitude achieved

Moves aileron &
L stabilator, relaxes
rudder pressure

rolling
K. |ESTABLISHES LEVBL ELIGHT
Visual-Pitch att: level
Bank att: level
Landmorks Sustains level
Aural-liormal aircraft sound |[flight
Control-Neutral aileron &
rudder, constant
stavilator pressure
Motion-lormal G
Maintains required
ailerorn, stabilator
& rudder cortrol
|
|
25
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TACTICAL MANEUVER TASK SELECTION

Of major interest and concern in this research effort
was the selection of representative air-to air and air-to-
ground tactical flying tasks to be utilized in the taxonomic
data base., However, before the candidate list could be
developed, it was necessary to select an aircraft which had
both acceptable air-to-air and air-to-ground capabilities.
Once the aircraft was selected, an appropriate list could
be developed.

After consideration by the contractor, with the
valuable assistance from members of the Luke AFB Instructional
Systems Development (ISD) team, the McDonnell Dcuglas F-4E
was chosen as the subject aircraft for this study. The F-4E
has good air-to-air and air-to-ground capabilities in addition
to a considerable base of pilot experience. With this agree-
ment, a process of selecting the representative flying tasks
was begun.

The first step was to establish a set of criteria to
facilitate selection., The following criteria were ggreed
upon by the contractor and the ISD team.

1. An equal number of air-to-air &nd air-to-ground
tasks should be considered.

2. The tasks should address as many flying problem
areas as possible,

3. The tasks should be flying oriented instead of
gystem oriented and characterize the delivery of as
many different types of weapons as possible.

4, The tasks shouldbe of sufficient length and com-
plexity to develop an analysis system which later
could be used to analyze all air combat maneuvering
(ACM) tasks.

With the selection criteria established, a computerized
list of candidate F-4 flying tasks was provided by the USAF
upon which to apply these criteria. Table 5 shows the
representative tactical flying tasks selected by the
contractor and approved by the Luke AFB ISD team. The
list of sixteen representative tactical flying maneuvers
fulfilled all of the stated criteria.
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Table 5. Representative Tactical Flying Maneuvers

Air-to-Air Intercept

Task 1. Single Turn Commit
Task 2. Reattack with Convert to Stern

Conventional Air-to-Ground Delivery

Task 1. High Angle Dive Bomb (Day)
Task 2. Low Angle Dive Bomb (Dayg
Task 3. Dive Toss - High (Day)
Task 4. Low Angle Strafe (Day)
Task 5., Low Angle Rocket (Day)

Nuclear Air-to-Ground Delivery

Task 1. Low Angle Drogue Delivery (LADD)
Air-to-Air DART

Task 1. DART (Racetrack Pattern)

Tactical Air-to-Ground Delivery

Task 1. Pop-Up Delivery

Air-to-Air ACM (one on one)

Task 1. High Yo-Yo
Task 2. Counter High Yo-Yo
Task 3. Reverssal

Task 4. Counter Reversal
Task 5. Low Yo-Yo
Task 6. Counter Low Yo-Yo
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FIELL STUDY OF THE REPRESENTATIVE FLYING TASKS

A field study was undertaken to obtain as much real-
world input as possible about each of the selected repre-
sentative flying tasks. This was accomplished by recording
interviews with operational F-4 crewmsn and graphically
delineating each task at the 334th and 336th squadronmns,
Seymour Johnson AFB, North Carolina,

Interview Procedures - It was important that the inter-
views be carefully structured so that the depth of detail
would be consistent and accurate. It shoud be pointed out
that accuracy of the surface analysis, and thus the entire
taxonomic data, depended upon getting as much detailed
information as possible from the field study. In order to
do this, the interviewer who was also a pilot became familiar
with each maneuver to be discussed by becoming acquainted
with available USAF manuals on basic fighter maneuvers.
Prior study was also made of pertinent parts of the techni-
cal manuals for the F-4D and F-4E aircraft.

To insure that the same introductory information would
be given to all aircrew personnel, a general introduction
lasting about three minutes was tape recorded ahead of time
by the interviewer. This introduction essentially set the
stage for the interview process. A checklist was also
prepared beforehand so that the interviews would proceed in
an orderly fashion, and no pertinent data would be left out.
The following is the checklist developed for this field study.

Pre-Taping Session

1. Play short taped introduction (3 minutes).

2. Select maneuver to be examined.

3. Obtain from the interviewee a graphic description
of the maneuver, i.e., a picture of what it looks like
performed in space.

4., Delineate specific key points (element sequences)
on the picture for details such as altitude, airspeed,
communication (including essential inputs from the
second crew member), weapons selection, details on
sight picture, and/or radar display presentation.

5. Review switch and knob system functions using a
cockpit layout,

6. Question crew members so as to expand the descrip-
tion of the maneuver before taping.
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Taping

l. Verbally identify the maneuver diagram as described
in the pre-taping session.
2. Obtain background and experience about interviewee:
o Time in squadron
°© F-4E experience
© Total flying time
o Combat experience (if any)

After the introductory recording, the representative
task was talked through first by two pilots or by a pilot
and a Weapons Systems Officer (WSO), as the task required.
Much use was made of diagrams of the flight path of the task,
and notes were written by the interviewer or participating
aircrews on these diagrams. Figure 7 shows an example of
one of these diagrams. It can be noted that significant
points and positions were described on the diagram along
with specific tasks which needed to be accomplished as part
of the maneuver. Disagreement on technique sometimes arose
between pilots or WSOs; however, these were resolved by the
interviewer and participants. When the tactical approaches
were fully discussed, "one good way" was agreed upon.

The initial discussion and diagrammatic detailing for
each task lasted from 25 to 45 minutes. When this was
completed, the recorder was turned on, and the task was
discussed from notes on the diagram. Specific action points
on the flight path were explained or expanded. The actual
taped interviews lasted 10 to 15 minutes. These short
concise recordings and accompanying diagrams proved to be
an ideal format from which to prepare the required surface
analysis data base.

Approximately 35 pilots and WSOs were interviewed
during 1 week, using two working tactical squadrons. It
was not always possible to interview two crew members at
the same time, so an agreement technique was used whereby
one or two pilots reviewed the maneuver diagram and
listened to the tape of the other. 1In all cases when the
starting situations and ending goals were carefully
explained, the critiquing pilots agreed that the events
detailed by their peers were at least "one good way" to
accomplish the maneuver. This general agreement between
several pilots was unique because it tended to blunt the
often expressed idea that "“you can ask fighter pilots the
same question and get a different answer from every one
of them." It was noted that if the situation was carefully
explained and the original inputs were made by qualified
pilots, their responses had a high level of agreement.

29




Svab S SpvosT - IO SRS \
Iy T s L M\




- —— ——

The maneuver diagrams and taped interview data were
used to generate an initial surface task analysis for each
of the representative tasks. Researchers were careful to
build their task element sequences around the key action
points described by squadron pilots and weapons systems
officers. By carefully describing the flying behavior,
even in the initial phase, it was felt that verification of
these analyses would be a less difficult matter.

Interview techniques were again used to verify the
initial surface task analyses. Aircrews who had participated
in the data collection phase of the field study were asked
to comment and meke corrections to the analyses. The task
diagrams and taped interviews were reviewed and the surface
analysis format and system were carefully explained to these
air crewmen, The maneuver diagram, which was prepared for
each representative task and showed the position and attitude
of the aircraft for each task sequence, proved to be an
important aid to flying personnel in grasping the analysis
format and system.

These flying personnel made numerous corrections to
each of the surface analyses. All of the initial analyses
remained basically intact except for the Reattack maneuver,
in which researchers had missed a number of important
points. This task was completely revised at Seymour Johnson
AFB with the help of the participating pilots and WSOs.

This task was then rechecked until it was found to be
gatisfactory.
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USERS MANUAL FOR THE PERFORMANCE
OF SURFACE TASK ANALYSES

Up to this point, only the background and terminology
used in the surface task analysis have been discussed.
This section will present a sample exercise in a user
oriented format that will provide step-by-step instructions
in performing a surface analysis for those not familiar
with analysis techniques. It is suggested that the analysis
developer be a pilot and have a specific knowledge of the
aircraft and aircraft systems being described in the
analysis,

Format Fundamentals - Since the surface analysis was
developed for use within a taxonomic or classification
structure, it was important that the maneuvers to be
analyzed begin at a relatively constant state of flying
activity. All task maneuvers in this report, for example,
are started with the aircraft in level flight or a constant
rate turn. As part of this planning, a detailed scenario
should be developed which identifies all of the following
areas:

1. The kind or kinds of aircraft involved.

2. The type of maneuver and weapons delivery to be
involved.

3. Whether it is to be a range or tactically oriented
maneuver environment,

4, Consideration of the flight path or paths of the
aircraft,

5. The starting situation of the aircraft and the
specified task goal.

The information regarding these five points should be
ag factual as pogsible, It should be understood that even
at best, a paper analysis is extremely limited in its
dynamic capability. However, the more real-world the inputs,
the closer the somewhat static paper description will
resemble a real situation,

The first step in performing a surface task analysis
is to prepare a diagram of the maneuver. The diagram should
graphically describe the flight path of the aircraft as the
maneuver is performed in space. Pigure 7 shows the minimum
level of detail for an initial maneuver diagram. This step
will help organize the analysis element sequences. Action
points should be intuitively added to indicate where the
ma jor task sequences will eventually be detailed in the
written analysis. Figure 8 describes a Loop maneuver with
the action points intuitively placed as A, B, C, etc. This
Loop maneuver will be used as the example throughout the
uger format description.
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Completion of the Data Blocks - Before the analysis
is started, the data blocks at the top of the format shown

in Figure 9 should be completed.

SITUATION

TASK NO. TASK AIRCRAFT

TASK GOAL DATE

sta. n CUES a MENTAL ACTION H MOTOR ACTION

Figure 9. Surface task analysis data blocks,

The situation statement should briefly describe the
state of the aircraft at the place or pgint where the
analysis is to be started. It should include such items
as attitude, position (as over a section line), straight
and level, airspeed, systems setup, and any other pertinent
data' that describe the state of the aircraft. A number
should be assigned to each task as well as a name describing
what is to be performed and the type of aircraft to be used.
Finally, a task goal should be defined which determines at
what point the analysis is considered complete. When this
information has been entered, work on the first element
sequence can be initiated.

Performance of the Analysis Sequences - Figure 10
shows the start of the Loop maneuver and shows how each
cues, mental action, and motor action sequence relates to
the Loop diagram and also shows their relationship to one

another. Listed below are the steps necessary to complete
each element sequence,

l. First study the Sample Surface Analysis of the
Loop in Figure 10 and compare it to the Loop diagram in
Figure 8, Notice that action of the EL. SEQ. (Element
Sequence) A - BEGINS PRE-ENTRY ACCELERATION, goes from left
to right and from one Element Sequence to another as shown
by the line overlay. Each 1-2-3 element sequence may be
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SITUATION Aircraft positioned on section line, straisht & level flight

TASK NO._ 02  yaskStraight o« level/trunsition thru a 1000n |RCRAFT General

. , o : : ) oy
TASK GOAL To perform a 360° turn in the vertical plane patve 1977
Y B cues EJ vental acrion |[E] motor action
A. [BEGINS PRE-ENTRY ACCELERATION]
Visual-Pitch att: level
Bank att: 1level
rk: sect. lines| Discerrs vosition
Aural-lormel ai sound to comrence descent
Control-illeutral pressure i _incre=zse throttld
Motion~-Normal G e
e
inztes ilator
movement & tle
/I adjustment
— = |
B. [|STARTS SHALIOW DIVE
i itch att: descent
; 1 _level
Landmark: 3 Determines sztis-
Aural Chg. in alrcraft 5 ry descent
g ntrol-Increased stabilator | atty . ed
pressure, throttle trim . o
advance ‘L/1~\\\\\\\
lotion-Negative G onset, Vaimt=dns stehjlator
acceleration, pressure & \rhj: ts
pitching down / trim N
] ER ] (AN N e e =
C. PBHGINS RETUJRN TO LEVEL FIIG?
1 } att: descent
: s vel
Landmark: Eéttv\ligk\fﬂﬁjcr"1npq proper
Flt.Inst: cross-chec *aérs“\\T“%ifzg;yrn
pural-Che. in aircrzft sound | to stra an ~
Control-Neutral stabilator level flight ; el e
| pressure e T
fiotiorn~-Normal G, acceleratio Loves gtqti1§)oz
=3y e
(C
Q»
Figure 10, Sample surface analysis.
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thought of as a single frame of a motion picture film,
Taken separately, each "frame"™ or sequence is static;
however, when taken as a flow of events, it becomes a
dynamic part of the entire task. 3

2. Notice that the cues in sequence A show a stable ;
aircraft in level flight. A mental process begins the o
action and a resulting motor action carries out the air- :
craft control. Because of the pilot's motor or control
action, a new set of cues has resulted for the various
visual, aural, control, and motion cue categories. Con-
sequently, new mentel actions are required to process
these cues, and a new motor action is the result., This
rhythmic flow line is constant throughout all flight
tasks and is the essential key to the thought process you
must develop to successfully complete a surface analysis, :

3. Review again the flight diagram, the analysis i
sequences, and the rules and instructions in the first 4
section until they are completely understood.,

4. Element sequences A, B, and C will now be discussed ;
in detail so that you can understand the rationale for each '
category entry. A complete understanding of the cues, -
mental action, and motor action categories will facilitate h
the generation of the surface analyses. Each element ]
sequence has been given a descriptive title. "BEGINS PRE-
ENTRY ACCELERATION" describes the performance characteristics i
of the sequence. See Figure 11, 1

oo n CUES {
A. |BEGINS PRE-ENTRY
ACCELERATION i

Visual~Pitch att: level
L Bank att: level |

Landmark:section line
Aural-Normal aircraft sound
Control-Neutral pressure
Wotion-Normal G

Figure 11. Sample cues category.
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Visual - The aircraft enters the Loop from level cruise
flight; consequently, pitch and bank attitudes are straight
and level. A long straight outside reference is used for
best performance of this task. This cue is called out as a
section line.

Aural - The aircraft enters the task from a constant
or steady-state; therefore, audible cues are normal aircraft
gounds.

Control - The aircraft is trimmed for cruise; therefore,
all control forces are considered as neutral pressure.

Motion - Since motion cues refer to gravity or cen-
trifugal forces on the body, and the flight prior to task
entry is straight and level, normal G (+1 G) is listed.

With the completion of the cues category, the analysis
can progress to the mental action category. This category
is, at best, only an approximation of the actual mental
processes which take place during a flying task. Hence,
mental actions are derived from cues inputs and performance
requirements needed to put the aircraft in the proper flight
path for a specific task, Figure 12 shows that the pilot
discerns the position to start his descent in order to
increase airspeed and actuslly begin the maneuver, Discerns
wag selected as the mental process because the cognitive
degcription assgsociates it with the perception of a specific
cue. Increased throttle is associated with the quickest way
of increasing airspeed.

B MENTAL ACTION

Discerns position
to commence descent
& increase throttle

Figure 12. Sample mental action category.
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The chain of events, thus far, shows the cues conveying
the aircraft state to the pilot. The mental action has
been a response to the state or position of the aircraft in
space relative to the maneuver to be performed. The next
link is the motor action produced by the preceding cues and
mental actions.

Figure 13 describes the initial step in changing the
attitude of the aircraft at the start of the descent. This
step is the movement of the flight controls to change the
pitch of the aircraft and increase the throttle. These two
motor actions are the result of the two previous actions,
i, e., cues and mental action.,

E MOTOR ACTION

Coordinates stabilator
movement & throttle
adjustment

Figure 13. Sample motor action category.

This completes element sequence A. It is important to
note that the motor action description has been kept brief
in order to reduce the number of small motor actions that
are normally performed when executing even the smallest
part or segment of a maneuver, Therefore, for analysis
purposes the pilot performance is always considered "perfect."

The analysis now flows to the next chain of events or
element sequence which is a product of the preceding
sequence.

Figure 14 describes the performance characteristics
of element sequence B, "STARTS SHALLOW DIVE."™ This is the
result of sgtabilator movement and throttle increase in the
motor action category in sequence A. With this action
having taken place, there is also a corresponding change in
the cues.
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Y Bl cues
B. [STARTS SHALLOW DIVE

Visual-FPitch att: descent
Bank att: 1level

Landmark:section line
Aural-Chg. in aircraft sound
Control-Increased stabilator

pressure
Motion-Negative G onset,

acceleration,

pitching down

Figure 14, Sample cues category.

Visual - The pitch attitude in the visusl cues changes
from "level™ to “descent."® Since no turn has been initiated,
the bank attitude is still “level," and the section line
remains part of the visual cues since it is still used for
reference.

Aural - The aural cue is described as "“change in air-
craft sound" because airspeed is beginning to increase and
engine speed is increasing.

Control - The control cue also changes from "normal®
to "increased stabilator pressure™ because the pilot has
pushed forward on the control stick.

Motion - The motion cue is described as “negative G
onset, acceleration, and pitching down" because the forward
control stick movement has caused these changes in the
motion cues and the pilot is experiencing them through his
body.

This change in cues has a corresponding effect on the
mentsl action category in the "B" element sequence. Because
of these cue changes, a determination or decision must be
made whether the new cues condition indicates that the new
element sequence (STARTS SHALLOW DIVE) has been achieved.
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Figure 15 shows the mental action description, "“Deter-
mines satisfactory descent attitude.® This describes the
action because there ie multiple-cue processing involved.
The reference "need for trim"™ is made because good trim

techniques are considered important in the performance of a
well executed maneuver.

B MENTAL ACTION

Determines satis-
factory descent
attitude & need
for trim

Figure 15. Sample mental action category.

Figure 16 describes the pilot maintaining his control
stick pressure because the trimming motor action has not
yet taken place. Trimming action is described as "adjusts
trim" because this action is coneidered as an incremental
regulation of a specific control. The results of this
trimming action will be described in the next element
sequence control cues description. g

m
B MOTOR ACTION

Maintains stabilator
pressure & adjusts
trim

Figure 16, Sample motor action category.
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Before the next element sequence is analyzed, note
that a systematic reference to the maneuver diagram assists
in keeping a mental picture of what specifically is occur-
ring. The purpose of the first two sequences was to achieve
entry airspeed into a Loop maneuver. Since the aircraft is
now in a shallow dive and accelerating, the next logical
sequence is to begin to return to level flight and continue
with the maneuver.

Element sequence C is titled, "BEGINS RETURN TO LEVEL
FLIGHT.® Note that this description follows the appearance
of the performance characteristic shown in the Loop diagram,

Figure 8.

EL.
SEQ.

ﬁ CUES

C.

BEGINS RETURN TO LEVEL

FLIGHT

Visual-Pitch att: descent
Bank att: 1level

Landmark:section line
Flt.Instr:cross-check
Aural-Chg. in aircraft sound
Tontrol-Neutral aileron,
rudder & stabilator
pressure
Motion-Normal G,acceleration

Figure 17. Sample cues category.

Visual - The visual cues have not changed because the
previous motor action maintained the control position and
8o did not affect the pitch or bank attitude of the air-
craft, The section line cue remains because it is used as
an outside world cue. A new cue, "Flight Instrument: Cross-
check" appears because a certain airspeed is desired to

enter the Loop.

Aural - The aural cue, “Change in aircraft sound,"
remains because the aircraft continues to increase airspeed. |

Control - The control cue is now described as
"neutral stabilator™ becaugse the motor action in the
previous sequence trimmed off the excess control pressure.
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Motion - The motion cue is described as "normal G"
because the descent attitude has been established,
"Acceleration" is noted because the aircraft is continuing
to accelerate in its descent attitude.

The mental action category shown in Figure 18 describes
the process as "Determines proper airspeed and need to
return to straight and level flight." This mental action
processes the return of most cues to a near constant
condition and a cross-check of flight instruments ascer-
tains correct performance requirements for a return to
level flight.

MENTAL ACTION

A —
2

Determines proper
airspeed at return
to straight and
level flight

Figure 18. Sample mental action category.

The action in Figure 19 describes the motor action
associated with the preceding mental process - "Moves
(pulls back) stabilator.®

a MOTOR ACTION

Movesg stabilator

Figure 19. Sample motor action category.
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5. Now try to complete the Loop maneuver on your own.
Review the Loop diagram and the Rationale for Surface Task
Analysis Sequences in the first section. Then get started
writing sequences. All the action points for this task
have been completed. When you have completed the Loop,
compare your sequences to the completed example beginning
on page 44, Figure 20,

6. At this point, having done one analysis, you have
made an important beginning. If you found it difficult,
don't be discouraged. Remember that it took an expert
researcher 10 hours to analyze the Loop used as the example.
Additional time was also needed to refine and perfect the
sequences.

7. Remembering all the details was one of the
problems in applying the rules and instructions for the
surface task analysis. This problem was resolved by
compiling the most pertinent data in the format shown in
Figure 21. Rules and instructions have been excerpted into
clearly defined cues, mental action, and motor action
categories.

It 1is obvious that these step-by-step instructions
for the completion of the surface task analysis will not
make the novice developer an instant expert. An experienced
fighter pilot, but one naive in analysis techniques, was
given these rules and instructions and asked to read them
and perform the analysis as directed. However, he was able
to do a remarkably good job on the first try with no addi-
tional coaching from researchers. The key, as he expressed
it, was to read the material over carefully several times
and then start writing sequences, leaving the refinements
until later.
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SITUATION Aircraft on section line, straight and level at cruise power,

TASK NO._Ct-1 TASK

Straight and

level/

trangition thru a Loop

AIRCRAFT_T-3T7

TASK GOALTo perform a 360° turn in the vertica a DATE April, 1977

EL.
SEQ.

n CUES

B MENTAL ACTION

B MOTOR ACTION

A.

BEGINS PRE-ENTRY ACCELERATIO?

Visual-Pitch att: level
Bank att: level
Landmark:section lines
Aural-Normal aircraft sound
Control-Neutral pressure
Motion-Normal G

Discerns position
to commence descent
and increase
throttle

Coordinates elevator
movement and throttle
ad justment

STARTS SHALLOW DIVE
Visual-Pitch att: descent
Bank att: 1level
Landmark:section lines
Aural-Chg. in aircraft sound
Control-Increased elevator
pressure and
throttle advance
Moticn-Negative G onset,
acceleration,
pitching down

Determines satisf.
descent attitude
& need for trim

Meintains elevator
pressure and
adjusts trim

BEGINS RETURN TO LEVEL FLIGH]
Visual-Pitch att: descent
Bank att: 1level
Landmark:section line
Flt.Instr:cross-check
Aural-Chg. in aircraft sound
Control-Neutral elevator
pressure
Motion~Normal G, acceleration

Determines proper
airspeed at return
to straight & level
flight

Moves elevator

PREPARES PULL-UP
Visual-Pitch att: level
Bank att: level
Landmark:section lines
Aural-Normal aircraft sound
Control-Increased elevator
pressure
Motion~Normal G

Anticipates constant
back pressure to
maintain constant
nose movement

Sustains flight

Maintains required
aileron, elevator
& rudder control

STARTS PULL=-UP

Visual-Pitch att: level
Bank att: level
Qutside ref: horizon
Flt.Instr:cross-check

Aural-Normel aircraft sound

Tontrol-aileron, elevator &
rudder pressure

Motion-Normal G

Determines position
to begin smooth
pull

Figure 20,

a4

Increasges elevator
pressure

Loop surface task analysis. (Pages 44-46)



SITUATION Aircraft on section line, straight and level at cruise power.

TAsk NO. S22 task

Straight and

level/

transition thru a Loop

AIRCRAFT_T-37

TASK GOAL._T® perform a 360° turn in the vertical plane pDATE_April, 1977

EL.
SEQ.

n CUES

E MENTAL ACTION

ﬂ MOTOR ACTION

F.

CONTINUES PULL-~UP

Visual-Pitch att: increasing
Bank att: 1level
Outside ref: horizon

Aural-Chg. in aircraft sound

Control~-Increased elevator

pressure

Motion-Positive G onset,

pitching up

Determines satisf.,
rate of nose move-
ment & desired

ogition & increases
levator pressure

seat pressure Eaintains aileron

CONTINUES PULL~UP TO VERTICA
Visual-Pitch att: increasing
Bank att: level
Outsice ref: horizon
Aural-Chg. in aircraft sound
Control-Neutral ailéron
pressure, increased
elevator pressure
Motion-Constant positive G,
pitching up

Determines nose
reaching vertical

Relaxes elevator
pressure

CONTINUES OVER THE TOP (INVE]

Visual-Pitch att: level
Bank att: level
Qutside ref: horizon
Flt.Instr:cross-check

Aural-Chg. in aircraft sound

Control-Decreased elevator

pressure

Motion-Decreased positive G,

pitching

RTED )

Determines satisf,
rate of nose move-
ment and seat
pressure

Increases elevator
pressure

I.

CONTINUES DOWN THE BACK SIDE
Visual-Pitch att: decreasing
Bank att: level
Outside ref: horizon
Aural-Chg. in aircraft sound
Control-Increased elevator
pressure
Motion-Increased positive G,
pitching down

(INVERTED)

Discerns nose pass-
ing thru horizon

Relaxes elevator
pressure (slightly)

CONTINUES INTO DIVE (INVERTED)

Visual~Pitch att: decreasing
Bank att: level
Outside ref: horizon

Aural-Chg. in aircraft sound

Control-Decreased elevator

pressure

Motion~Decreasing positive G
pitching down

Determines need for
constant seat
pressure

Increases elevator
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SITUATION _Aircraft on section line, straight and level at cruise power,

Straight and

level/

Task NO._C¥-1 yagg__ transition thru a Loop AIRCRAFT_ 137
TASK GOAL_To perform a 360° turn in the vertical plane payg April, 1977
pLiS n CUES E MENTAL ACTION a MOTOR ACTION

CONTINUES PULL-DOWN TO VERTI
Visual-Pitch att: decreasing
Bank att: level
Landmark:section lines
Aural-Chg. in aircraft sound
Control-Increased elevator
pressure
Motion-Constant positive G,
pitching down,
acceleration

CAL

Determines satisf,
nose position,
rate of movement
& seat pressure

Eaintaine coordinated
levator, aileron and
rudder pressure

STARTS PULLOUT OF DIVE
Visual-Pitch att: decreasing
Bank att: level

Determines satisf,

Landmark:section lines| rate of attitude

Flt.Instr:cross-check
Aural-Chg. in aircraft sound
Control-Aileron, elevator &

rudder pressure

Motion-Constant positive G,

pitching down,

acceleration

change

kaintains constant
elevator pressure

CONTINUES PULLOUT
Visual-Pitch att: increasing
Bank att: level
Landmark:section lines
Aural-Chg. in aircraft sound
Control-Constant elevator
pressure
Motion-Constant positive G,
pitching up,
acceleration

Determines level
flight approaching

Relaxes elevator
pressure

STOPS PULLOUT

Visual-Pitch att: increasing
Bank att: level
Landmark:section lires

Aural-Chg. in aircraft sound

Control-Decreased elevator
pressure

Motion-Decreasing positive G‘
pitching up

to transition to
straight and level

Determines position]

Coordinates aileron
nd rudder, adjusts
levator pressure

ESTABLISHES LEVEL FLIGHT
Visual-Pitch att: level
Bank att: 1level
Landmark:section lines
Aural-Normal aircraft sound
Control-Increased aileron,
rudder & elevator

Determines level
flight achieved &
need for trim

pressure
Motion-Normal G

46

fctivates trim &
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pressure




v— CUE INFORMATION

if—MENTAL ACTION INFORMATION

<:f-MOTOR ACTION INFORMATION
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and instructions format.

rpted rules

Figure 21. Exce
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GLOSSARY

Attitude - the position of the aircraft considering the
inclination of its axis in relation to the horizon.

Aural - cues or stimuli which can be sensed through hearing.
Bank - to tip, or roll about the longitudinal axis of the

aircraft. (Banks are incidental to all properly executed
turns.)

Climb - a8 state of flight in which the aircraft is in-
creasing in altitude.

Control - a device used by a pilot in operating an airplane.

Control Feedback - cues or stimuli which can be sensed by
body limbs or extremities through the control devices

of the aircraft. The control feedback input has been
shortened to Control in the cues column of the surface
analysis.

Coordinate - the movement or use of two or more controls
in their proper relationship to obtain a desired effect.

Cue - environmental or system stimuli which excite the
sensory systems of the human body.

Descend - a state of flight in which the aircraft is 3
decreasing in altitude. :

Effector Output - pilot motor action in terms of control
exerted on the aircraft, (i.e., stabilator movement resulting
from control stick movement to change aircraft pitch
attitude).

Long Term Memory - information which was acquired prior
to the performance of the skill.

Maneuver - any planned motion of the aircraft in the air or |
on the ground. '

Maneuver Diagram - the sketch of a flying task which depicts
the flight path of the aircraft, and shows specific action
points along this path.

Mental Action - cognitive process initiated by perceived \
stimulus cues and preceding motor actions. ;




'
[

Motion - cues or stimuli which can be sensed by the body
receptors as a result of aircraft movement.

Motor Action - those physical actions resulting in move-
ment of eircraft controls.

Pickle Button - a pilots' expression of the push button
used to release ordnance such as bombs or rockets.,

Pinkie Switch - switch activated by the little finger which
changes the armament mode on the F-4E.

Pitch - the angular displacement of the longitudinal axis
of the aircraft with respect to the horizon.

Roll - displacement around the longitudinal axis of the
aircraft.

Short Term Memory - information remembered which was
obtained during the performance of a skill,

Straight and Level - a state of flight in which the air-
craft is in a constant heading at a constant altitude with
wings in the same plane as the horizon.

Surface Task Analysis - the investigative process which
systematically lists the related task elements in sequence,
which results in the accomplishment of a specific task
when performed in order. ]

Tactual - pertaining to the sense of touch.

Tagsk - a group of related work elements performed in close
temporal proximity by one person and directed toward the
accomplishment of a definable goal.

Tagsk Element - the smallest part of the surface analysis
which is expressed as a major input or action heading,
i.e., Cues or Mental Actions or Motor Actions are task
elements of the analysis.

Task Sequence - a complete set of interacting behavioral
elements, (i.e., Cues, Mental Action, and Motor Action)
found in the surface analysis.

Taxonomy - a manner of classifying, and the rules and
principles concerned with classification of phenomena in
such a way that a more useful relationship can be estab-
lished among them.
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Turn - to create a change of direction of flight by causing
the aircraft to roll about its longitudinal axis.

Visual - cues or stimuli which can be sensed by the eye.
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APPENDIX A

THE COMPLETED ANALYSES
OF THE SIXTEEN REPRESENTATIVE TASKS
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THE COMPLETED ANALYSES
OF THE SIXTEEN REPRESENTATIVE TASKS

The analysis for these representative tasks formed the
data base for the entire taxonomy classification. These
representative tasks have been divided into air-to-air tasks
and air-to-ground tasks. Each task has been coded for use
in the taxonomy. As an example CR-lg is the alpha-numeric
code for the High Angle Dive Bomb task., The letters "CR"
designate it as a controlled range task., It is the first
task in the air-to-ground group and the "g" identifies it
as an air-to-ground task. Air-to-air tasks have a similar
system with an “a" identifying it as an air-to-air task.

It should also be noted that each task has its own
maneuver diagram to help even the experienced researcher
visualize the task sequences with more dynamic realism.

In the air~to-air tasks, the maneuver is done in relation-
ship to adversary aircraft. In six of the nine air-to-air
tasks, the adversary's task has also been analyzed. For
example, the High Yo-Yo is analyzed against a Counter High
Yo-Yo task on a sequence for sequence basis. This was done
to add a measure of realism to the analyses.

Finally, it can be noted that a coded system is shown
in the motor action part of each element sequence. This
is the texonomy classification coding system which was
developed in Volume II of this study. It can thus be seen
that the surface analysis occupies an important place in
ithe development of a useful taxonomic system, not only as
a data base but also as a cross referencing tool for future
research,
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SITUATION

Aircraft established on downwind, straight and level,
13,000' AGL, 350 knots, weapons select switches set and

confirmed with WSO, second aircraft, first pass, new event,

I . i Controlled
TAsk No._CR-lgyagk _High Angle Dive Bomb Delivery/ Range A|RCRAFT_F-4E

Perform high dive bomb on prescribed target

TASK GOAL DATE_Sept., 1377
SEQ. 1 I E] mentaL action EJ moror action
. | ESTABLISHED ON DOWNWIND LEG TO TARGET aﬁé; 287
Visual-Pitch att: level Il c",ﬂn ~7 g:@o
Bank att: 1level D : kD —— | TRPS P YoesiN | —Covriaaley
etermines proper Ve M
Target spacing with Gf) A
Range landmarks desired Alt. & A/S bl e i
Leading aircraft approaching A A ,ég
Flt.Inst: Alt, A/S | . . T S A
Aural-Normal aircraft sound fiﬁ %ins level 7 W i
Control-Aileron & stabilator|l*18
pressure Maintains required
Motion-Normal G aileron & stabilator
e L control
B. |CONTINUES ON DOWNWIND LEG Ceta F. 277
Visual-Pitch att: level O c Bwe Bmo
Bank att: level . Wiwo [ iN10 PAOCESS | ComTimuiTy
Determines base leg| y M A
Targetl 2 roll in position to| ¢
Range landmarks achieve required e Y L T
Leading aircraft dive angle & 11,0001 2-C" | C¥ /g?
Plt.Inste ALt A/S distance from e et oo
Eng.Inst: check fuel [target, need to S0 /00 p{z
Aural- Normal =zircraft sound |stabilize airspeed
Control-Aileron & stabilator Adjusts throttle
pressure and maintains
Motion-Normal G stabilator pressure
C. |PREPARES FOR TURN TO BASE LE(Q V2
Visual-Pitch att: level E s CEL
T Bank att: level L e L e L T L
Anticipates roll in VA g2
Target to base leg turn, ’ (¥}
Range landmarks discerns leading TTouanTiTy farcision emaE | WAt oLTEGY
Leading aircraft aircraft's communi-| 3./ | (%
‘ Aural-Chg. in aircraf? sound, |cation o ey
| communication (lead gl — 7
calls in on final) %3?3%%“5 level 45 0
Control-Constant stabilator 18
pressure, throttle Maintains required
decrease aileron & stabilator
Motion-Normal G pressure
D. |STARTS ROLL IN TO BASE LEG TURN 97% 275
: Visual-Pitch att: level 0 c B we Bwo
Bank att: level ¢ G %inp[Tat0 saocrss T comviauiTy {
Determines position| 4 MO 2 .
Target to roll in to base i l
Kange landmarks leg, need to call [Preven i e 5
Leading aircraft position check with| 3-C cr S/
Aural-Normal aircraft sound, |fuel remaining S SR L Al
communication - (lead 40 200 /-5

aircraft being cleared
in "hot" by range
officer)
Control-Aileron &
pressure
Motion-Normal G

gtabilator

Coordinates aileron,
rudder & stabilator
movement, activates
mic. switch,
communicates
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SITUATION

Aircraft established on
13,000' AGL, 350 knots, weapons select switches set and

confirmed with WSO,

second aircraft,

downwind,

first pass,

straight and level,

new event,

] Controlled
TAsk NO. CR-lgragk High ingle Dive Bomb Delivery/ Rarge AIRCRAFT_F-4E

Perform high dive bomb on prescribed target

Septie, 1977

TASK GOAL DATE
<t B cuss EJ ventac acrion E] voror action
E. |CONTINUES ROLL IN 2ly £ 280
Visual-Piteh att: increasing SN
Bank att: roll ll/?c | B me ,n"'?
Target Determires roll ;34 M <
Range landmarxs rate satisfactory SuaT ’7
Leading aircraft & need for power ;757 C7
Flt.Inst: Alt, 4/S it ‘Z"”'
Aural-Normal aircraft sound,
communication 7 57S- Vﬁf
Control~Increased aileron,
rudder & stabilator Maintains coordinated
pressure, mic., aileron & rudder
switch function pressure, increased

Llotion-Positive G ons et,
piteching up, rolling

stabilator pressure,
adjusts throttle

STOPS ROLL IN

Visual-Pitch att: increasing

Bank att: roll
arget
\“r*e landmarks

L ing aircraft
Aural-Chg. in zircraft sound
Control-Constant aileron,
increased stabilator
pressure, throttle
advance
Motion-Increasing positive G|
pitching up, rolling

Determines proper
bank attitude
achieved

Oc Bwe Bwo
i Ao
gu | MC | A
40 CV’ {/sc
AT i o o

Vs

Coordinates aileron
& rudder pressure,
maintains stabilator
pressure

300

ESTABLISHES TURN

Visual-Pitch att: constant
Bank att: constant
Target

e landmarks

ng aircraft

Aural-Normal aircraft sound

Control-leutral qlleror &
rudder, constant
stabilator pressure

Notion-Constant positive G,

pltcha roLE Gtablllze

Sustains level
turn

O c Hme Hmo
G | L | A
GUARTITY  ToICISION Buoc u/z;
3—(7 W ,/St

iy

Naintains required

REI S TO ROLI
Vlsual—:ltch att:
Bank att:

OuT
constant
constant

Target
Range landmarks
Leading aircraft
Aural-Normal aircraft sound
Control-Aileron & stabilzator
pressure
Motion-Constant
constant

positive G
piteh &

roll

Anticipates roll
out to base
Sustains level
turn

aileron & stabilator

0cr1rol

249 324

|| c !I M. uMo

A#Z '

Wz

sc| P | &

50 /o0 Y-z

Maintains required
aileron & stabilator
control

SR




Aircraft established on downwind,

straight

and level,

13,0C0' AGL, 350 knots, weapons select switches set and
sITUATION _confirmed with WSO, second aircraft, first pass, new event.
Controlled
TASK NoCI.’lE TASK E{l[)"l Jg,le Dive Bomb Dellvery/ Range AIRCRAFT F-4E
TASK GOAL Perform high dive bomb on prescribed target DATE_Sept., 1977
oee. B cues E] venta acrion E] voror acrion f
o
I. | STARTS ROLL OUT 4229 L 27S
Visual-Pitch att: constant
Bank att: constant Oc HmMe Bmo
Target Determines position ZA4 M z
Range landmarks to roll ocut on base| wwsms

LeaéiL5 aircraft
Aural-Normal aircraft sound
Control-Aileron & stabilator

pressure
Motion-Constant positive G,
constant pitch & roll

for spacing & to
establish proper
distance to target

3¢ | P Jas
&0 | aso | /s
Coordirates aileron
& rudder pressure,
relaxes stabilator
pressure

J. {CONTINUES ROLL OUT A 275
Visual-Pitch att: decreasing Oc O me Bmo
Bank att: roll /.A TR A
= : : 4
Target Determines satis- w4 A | £~
Range landmarks factory roll rate e e 'j}.;{
Leading aircraft : need to reduce 3-C | & j.//h
Aural-Normal aircraft sound |[power S o
Control-Increased aileron & 55 | 278 | V-§
rudder, decrecsed
stabilator pressure Naintains coordinated
Motion-Decreasing positive G| aileron & rudder with
pitching down,rolling stabilator movement,
adjusts throttle
K. |STOPS ROLL OUT Rlo K 77
Vigual-Pitch att: decreasing IIC - ﬂ — M'(;
Bank att: roll - I - L
. . v I
Target Determines wings YV, ML A
Range landmarks level approaching Sy o g -
3 & s o - 4
Leading aircraft 40 | SF (Gu
Aural-Chg. in aircraft sound e = LSE
Control-Constant aileron .
e 1 x / 3 >3
rudder pressure with @5 = L
decreased stabilator
pressure, throttle
reduction Moves zilercn &
Motion-Decreasing positive G rudder, relaxes
pitching down,rolling stabilator i s¢ |
- e | i - |
L. |ESTABLISHES LEVEL FLIGHT ON BASE LEG Clls L 277 |
Visual-Pitch att: level A e LR !
Bank att: level n..c uM"“""’
Tarcet Determines level 31/ M ~
Range landmarks flight established A T
Leading aircraft % need to adjust g

Flt.Inst: Alt, A/S

Aural-Normal aircraft sound
Control-Neutral aileron &

rudder pressure,
decreased stabilator
pressure

liotion=-Normal G, pitch &
roll stabilized

altitude & airspeed

57
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SITUATION

TASK NO. CR—lgTASK High Angle Dive Bomb Delivery/ Range AIRCRAFT_F-4E

TASK

Aircraft established on downwind, straight znd level,
13,000' AGL, 350 knots, weapons select switches set and

conflrmed w1th WSO, second aircraft,

first

pass, new event,

Controlled

GOAL

Perform high dive bomb on prescribed target

Sept .,

DATE

1977

n CUES

E MENTAL ACTION

ﬂ MOTOR ACTION

CONTINUES BASE LEG
Visual-Pitch att: decreasing
Bank att: ]

level
Target
?rrre landmarks
Leading aircraft
Flt.Inst: AdE. A/S
Aural-Chg. in aircraft sourd
onf ol-Increased stabilator
pressure, throttle
reduction
liotion-Pitching down

Determines
altitude,
& spacing
approaching

proper
airspeed,

N.

CONTINUES ON BASE LEG
Visual-Pitch att: level
Bank att: level

Range landmarks
Leading aircraf
Flt.Inst: Alt, A/S
Aural-liormal aircraft sound
Torntrol-Increased stabilator
pressure
Motion-Normal G,
stabilized

pitch

Determines
altitude,
& track;

for trim

proper
airspeed,
and need

s M, 256
0 c B wme Hwmo
Vi B LB ] B
i | M0 | A
0 0P st
'é? A,
Increases stabil
pressure
@ly N, Az
||c .ﬂM.An.'flo
Vv J
op M A
7
5 ( v?% :3%
4%5 v V4

Adjusts trim &
relaxes stabilator
pressure

CONTINUES OH

BASE LEG

Visual-Pitch att: level
Bank att: level
Target

Range landmarks
Leading aircraft
Aural-lNormal aircraft sound
Control-Neutral aileron,
stabilator & rudder
pressure, trim
switch function

Determines final
roll in position
approaching

Sustains level
flight

Motion-Normal G
REPARES TO TURN TO FINAL
Vigual-Pitch att: level
Bank att: level
Target

Range landmarks

Leading aircraft
Aural-Normal aircraft sound
Control-Aileron & stabilator

pressure
Motion-Normal G

roll i
final

Anticipates
and dive on
Sustains level
flight

245 .0 28
Il C ﬂ Me nMo
/Z' 7

et LS
al | P Jé’
30 &0 //2

Maintains reguire

aileron & stabil

control

49 327
O c n Me nMo
Ve A

LI7 e

7 A
}( c/‘ L5
55 70 V-2

liaintains required

aileron & stabilat
control




SITUATION

Aircraft established on downwind, straight and level,
13,000' AGL, 350 knots, weapons select switches set and

confirmed with WSO, second aircraft, first pass, new event.

Controlled
TASK No_CR—lg TASK High Angle Dive Bomb Delivery/ Range A”tanFT_F—_&

TASK GoAL_rPerform high dive bomb or prescribed target DATE_Sept., 1977
Sta. B cuss EJ ventat acrion |[E] motor action

STARTS ROLL IN TO FINAL TURN
Visual-Pitch att: level
Bank att: level

Target
Range landmarks
Leading aircraft
Aural-Normal aircraft sound
Control-Aileron & stabilator
pressure
Motion-Normal G

Determines proper
point to start roll

position to range
officer

in and need to call| =

Coordinates aileron

& rudder movement,
maintains stabilator
pressure, activates
mic. button, communi-
cates, moves throttle

CONTINUES ROLL IN TO TURN & DBIVE 279
Visual-Pitch att: increasing ——
= Bank att: roll Il L)
Target =
Range landmarks “ew B 7 e
Aural-Chg. in aircraft sound,)Determines satig- 4-¢ | 2?
communication - (clear{factory roll rate |-—momnt—ou
ance from range officen /
to drop ordnance) 7o (280 4
Control-Increased aileron
& rudder pressure,
constant stabilator
presgure, throttle
advance, mic. switch
function lMaintains coordinated
liotion-Positive G onset, aileron, rudder &
pitching up, rolling stabilator pressure
S. |STOPS ROLL IN TO TURN 21y S 60

Visual-Pitch att: increasing
Bank att: roll

Target
Aural-Chg. in aircraft sound
Control-Constant aileron,
rudder & stabilator
pressure
Motion-Positive G, pitching
up, rolling

Determines proper
banx angle achieved

Tasw w <157 %o

L LB LD
AN
o % B
50 as0 )5

Coordinates aileron
& rudder, maintains
stabilator pressure




SITUATION

Aircraft established on downwind, straight and level,
13,000' AGL, 350 knots, weapons select switches set and

confirmed with WSO, se

cond aircraft,

first pass, new event.

Controlled
TAsK NO.CR-1g task_High Angle Dive Bomb Delivery/ Range AIRCRAFT_F-4E

TASK GOAL Perform high dive bomb on prescribed target DATE_Sept., 1977
sEeld. n CUES B MENTAL ACTION B MOTOR ACTION
T. [STARTS DIVE AS HALFWAY POINT [IN TURN IS REACHED | €25 \7; 272

Vigual-Pitch att: constant
3ank att: constant

Target
Aural-Normal aircraft sound
Control-Neutral aileron &
rudder pressure,
constant stabilator
pressure
Motion-Increased positive G,
pitch & roll
stabilized

Determines halfway
point in turn
reached, need to
let nose descend
througi. horizon

O c  Hme BMo
bu | Mo 2

QuaNTITY OIC S Um FROC "nv;;,'t v
Bl | P i

~ot Sredt mii

Maintains required
aileron & rudder
pressure, relaxes
stabilator pressure

U. |ESTABLISHES DIVING TURN Gy Y 377
Visual-Pitch att: decreasing O c O me Hm™mo
Bank att: constant /A e PRoEEE T convimunry
Target ' M z | ~
Flt.Inst: Alt, A/S Sustains divin R e R
Aural-Chg. in aircraft sound |turn < g | F _sﬂt/
Control-Constant aileron & T aE T WGTTRRR w})tn
rudder pressure, 4
decreased stabilator < o #
pressure
Motion-Decreased positive G, Maintains required
pitching down, aileron & stabilator
roll stabilized control
V. |CONTINUES DIVING TURN g I/ 77
Visual-Pitch att: decreasing O c Ome Bmo
Bank att: constant Vs ‘mk;?‘
Target etermines altitudef AM () <
Flt.Inst: Alt, A/S irspeed schedule B R
Aural-Chg. in aircraft sound {is as required 4-¢ | P Sr
Control-Aileron & stabilator Sustai divi T RO T
pressure tSin ABBPGaVLLE ss | /0 pég
Motion-Positive G, pitching
down, roll stabilized Maintains required
aileron & stabilator
control
W. |PREPARES TO ROLL OUT INTO FINAL 29 W 337
(Vigual-Pitch att: decreasing O c O we @mo
Bank att: constant Anticipates rolling VA [EELEGIEN (Revk das
out of turn into M A
Target M | (Z)
p ings level flight e L i T o
SAEhS ith dive angl A
Aural-Chg. in aircraft sound [7 -/ ; (a?g S 40 | CF o
Confrol-Aileron & stabilator 580-?88' sgoggegf Ry S e
pressure _ target with S0 /00 V-2
lMotion—Positive G, pitching ired offset)
| down, roll stabilized cquired OIZBe Maintains required
ustains diving alleron & stabilator
turn control
60
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SITUATION

Aircraft established on downwind, straight and level,
13,000' AGL, 350 knots, weapons select switches set and
confirmed with WSO, second aircraft, first pass, new event,

Controlled
TAsk No.CR-18 yagx _High Angle Dive Bomb Delivery/ Range apcraft_F-4E

TAsK GoalL _FPerform high dive bomb on prescribed target DATE Sept., 1977
SEELd. n CUES B MENTAL ACTION ﬂ MOTOR ACTION
X. | STARTS ROLL OUT s X, L4
Visual-Pitch att: dive O c O me Hmo
Bank att: constant 7 el UL i T
- erenl KO | a2 | 2
Target Determines position| M | |
Sight to start roll out el e
Aural-Chg. in aircraft soundfto align aircraft 47 o ST
communication - WSO on target WP T
*(calls out Alt, A/S s | zzo | Y4
& dive angle)
Control-Aileron & stabilator
pressure
Motion-Positive G, pitching Coordinates aileron,
down, roll stabilized rudder & stabilator
Y. |CONTINUES ROLL OUT Rl .. Y 280
Visual-Pitch att: dive Oc Bwme Bwmo
Bank att: rolling l/ﬂ i
Target Determines proper M M | ~
Sight roll out rate, dive| "', " /5 gl )"
Aural-Chg. in aircraft sound |angle, and align- 4-C oF sr/ﬁh
*communication - WSO ment with target TR e R vt e
Control-Increased aileron & o | 300 | Vo5
rudder, constant
stabilator pressure Maintains coordinated
Motion-Decreasing positive G, aileron, rudder &
constant pitch stabilator pressure;
rolling moves throttle
(to idle)
Z. |STOPS ROLL OUT, MAINTAINS DIVE gggy‘J{n 257

Visual-Pitch att: decreasing
Bank att: rolling

Target

Sight

Range landmarks
Aural-Chg. in aircraft sound,

*communication - WSO

Control-Constant aileron,

rudder & stabilator

pressure, throttle

decrease
Motion-Decreasing positive G|

pitching down,

rolling

Determines wings
level approaching

61

S e L ive) | WMo
bia | M0 A

Moves aileron &
rudder, relaxes
stabilator pressure

s




o

SITUATION

Aircraft established on downwind, straight and level,
13,000' AGL, 350 knots, weapons select switches set and
confirmed with WSO, second aircraft, first pass, new event.

! ) = ) Controlled
TAsk No.CR-18 ;aqk _High Angle Dive Bomb Delivery/ Range AIRCRAFT F-4E

Perform high dive bomb on prescribed target

TASK GOAL paTE_Sept., 1977
oo B cues EJ ventac acrion |[E] motor acrion
AA .| ESTABLISHES FINAL APPROACH, [45° DIVE ANGLE @Q AS7
Visual-Pitch att: descent
Bank att: level ?/; lefﬁfﬂd—g"“
rarget Determines proper | »ay mc A
Sight dive angle & air- Saariey 'n.(;;.,..u*.o.a/n .....
Plt .Enats AYE, A/S speed approaching, | 4« | ff 57;’—'
Aural-Chg. in aircraft soundjneed to adjust trim |-wwwe o ooy e
*communication - WSO
Control-lleutral aileron & 55 //D /7
rudder, reduced
stabilator pressure Adjusts trim &
Motion-Normal G, pitch & relaxes stabilator
roll stabilized pressure
BB.| PREPARES FINAL DIVE APPROACH|AND DELIVERY Ris £E 232
Visual-Pitch att: constant O c B me Hmo
Bank att: level VA ‘Mz ‘ /’
Target Anticipates e | (z) |7
Sight/pipper delivery & pull up 3. (P SR
Aural-Chg. in aircraft soundj | i
*communication - WSO Sustains dive REGE NS
Control-Neutral stabilator 35 | 7o %ﬂ
pressure, trim Maintains required
switch function aileron & stabilator
Motion-Normal G control
CC.| STARTS FINAL SEGMENT OF DIVE JC(’ 52
Visual-Pitch att: constant Il c ﬂ me nmo
Bank att: level Determines rate of | VA M(' A
Target altitude decrease | C £
Sight/pipper & pipper tracking i AR
Aural-Chg. in aircraft sound,(up to target 5{' C’f /A/ ==
*communication - WSO
Control-Aileron & stabilator 40 8o /;z
pressure
Motion-Normal G Maintains required
aileron, rudder &
stabilator pressure
DD.|CONTINUES FINAL APPROACH Lilg 252
Visual-Pitch att: constant 0 c nnne aMo
Bank att: 1level ” (
o . ; V,A M A
Target Determines satis- AN o |
ol ght/pipper factory sight = /
Aural-Chg. in aircraft sound,|picture approaching 3’( ﬁ/? jzzu
'communmatlor. - W30 A2
Control-Aileron, rudder & H4S G0 ./2
gtabilator pressure
Motion-Normal G Maintains required
aileron, rudder &

62
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SITUATION

TASK No.CR-1g TAsK

Aircraft established on downwind,

straight and level,

13,000 AGL, 350 knots, weapons select switches set and

confirmed with WSO, second aircraft,

first pass, new event,

Controlled

High Angle Dive Bomb Delivery/ Range AIRCRAFT_F-4E

Perform high dive bomb on prescribed target

TASK GOAL DATE_Sept,, 1977
SEEL6 n CUES B MENTAL ACTION ﬂ MOTOR ACTION
EE.{ RELEASES WEAPON (/s & ASA
Visual-Pitch att: constant O c O me Bwmo
Bank att: level e e e
Determines proper VA % A
Targe} sight picture for C M |
Sight/pipper weapon release & e e 2
Aural—Chg? in aircraft sound{need to release 3L o é?‘§:
*communication ~ WSO weapon T B T e L
Control-Aileron, rudder & S| pé;

stabilator pressure
MNotion-Normal G

Maintains minimum
aileron, rudder &
stabilator pressure;
activates bomb release

FF.| STARTS RECOVERY FRONM DIVE cefs FF 3/,
Visual-Pitch att: constant @ c Hwme Amo
Bank att: level . VA vy pa
Targe; Determines need to |- L | __
Sight/pipper effect smooth y B
Aural-Chg. in aircraft sound|recovery (4G's 3-C | SF | St
Control-Aileron, rudder & within 2 seconds) A LT CD
stabilator pressure; A4S | A5 | Vot
weapon release
switch
Motion-Normal G oves stabilator
Slt
GG.| BEGINS 4G PULL OUT -y TT e
Visual-Pitch att: increasing OB = =
Bank att: 1level Determines satis- Oc Bme HAmo
Aural-Chg. in aircraft sound|factory pitch Zﬁd ME | L2
Control-Increased stabilator |movement & need to il D) ISP SESEE
pressure, constant increase power to 7 ' &<
aileron & rudder full mil. as nose 7‘415 | 4 |/ 7#
pressure comes through i % }/"
lMotion-Positive G onset horizon =25 70 ~Z
liaintains stabilator
pregssure & moves
throttle (to mil.)
HH.| ESTABLISHES 4G PULL OUT SCHEDULE Ity L e

Visual-Pitch att: increasing
Bank att: level
Leading aircraft

Aural-Chg. in aircraft sound

Control-Constant stabilator

pressure, throttle
advance

Notion-Constant positive G,
pitching up,
acceleration

Determines 4G
schedule approach-
ing & rneed to
establish constant
schedule

63

%g/ i <
7 A5 V-1
Maintains stabilator
pressure



Aircraft established on downwind, straight and level,

13,000' AGL,

350 knots, weapons select switches set and

confirmed with WSO, second aircraft, first pass, new event.

SITUATION
| ] . Controlled
TASK NO'CR—lg TASK High Angle Dive Bomb Delivery/ Range AIRCRAFT_F-4E
TASK GOAL Perform high dive bomb on prescribed target paTe Sept., 1977
. B cuss E) ventat acrion |[E] motor action
II.| STOPS PULL UP TO CLINBING TURN 5223;%?{ =/
Visual-Pitch att: increasing Ilc @ wie =
Bank att: level .2 o weoe Tt M
R - ima . Y ™7 a n V M[) A
Range landmarks Determines proper At
Leading aircraft pitch achieved & ’“"“"““““";éé””
Aural-Chg. in aircraft sound|need for trim FC | SP | /5
Control-Constant stabilator RS [T e TReE
pressure 7 a0 Z
Motion-Constant positive G, }/;
pitching up Relaxes stabilator
pressure, activates
trim switch
JJ .| PREPARES TO TRANSITION TO CLIMBING TURN
Visual-Pitch att: climb ie
ERE o £ i Anticipates initi- | VC' | ME
Range landmarks ating climbing turn| A&  (Z) |
Leading aircraft to downwind when ; 12 A
Aural-Normal aircraft sound [nose passes 20° L 4 V="
Control-Decreased stabilator|above horizon T | -"'“~Z/~~
pressure, trim - - . - Jp ~
switch function Sustains climb 7 Z
Motion-Decreased positive G Maintains required
aileron & stebilator
control
KK.|STARTS ROLL IN TO CLIMBING TYRN s £ e
Visual-Pitch att: climb O c B0 me Hmo
Bank att: level V&; };2”“"“"
Range landmarks Determines nose = | =
Leading aircraft passing through T el |
Flt.Inst: Alt, A/S 20° & need to 21 | (F Jz./5¢
Aural-Normal aircraft sound |[initiate turn to NevaiecE o e
Control-Aileron & stabilator |downwind Ay 00 /457
pressure
Motion-Normal positive G Coordinates aileron
& rudder movement,
maintains stabilator
pressure
LL.|CONTINUES ROLL IN TO CLIMBING TURN Ks & A5S
Visual-Pitch att: increasing O c B me Bmo
Bank att: roll L}& i et
Rarge landmarks Determines desired Mo ks ! A

Leading aircraft
Aural-Normal aircraft sound
Control-Increased aileron &

rudder pressure,
constant stabilator
pressure
Notion-Positive G onset,
piteching up, rolling

pitch attitude &
satisfactory roll
rate/turn for
proper spacing

64

B oot
3< | ¢F /@,«J;«
SO Ao )6

Maintains coordinated

aileron & rudder
pressure, increases
stabilator pressure

R




SITUATION

TASK NO.CR-1g rask__High Angle Dive Bomb Delivery/ Range A|RCRAFT

Aircraft established on downwind, straight and level,
13,000' AGL, 350 knots, weapons select switches set and
confirmed with WSO, second aircraft, first pass, new event.

Controlled

F-4E

TASK Goal _ rerform high dive bomb on prescribed target payve_Sept., 1977
Sei BB cuss E] ventac acrion |[EJ motor action
MM.} STOPS ROLL IN TO CLIMBING TURN Qg{z Lpr RSS
Visual~Pitch att: constant B c Hwme Hmo
Bank att: roll &2,‘-“"~~“~GW<~

Range landmarks Determines proper Mo M A

Leading aircraft pitch attitude & R ”“”'#7 o=
Aural-Normal aircraft sound |bank angle o ﬂéﬁsz
Control-Constant aileron, achieved o 1 e AT

rudder & stabilator
pressure
Motion-Increased positive G,
constant pitch,
rolling

50 | 250 /;s:

Coordinates aileron
& rudder movement,
maintains stabilator

;ressure

NN.

ESTABLISHES CLIMBING
Visual-Pitch att:
Bank att:

Range landmarks
Leading aircraft
Blt sIngts AlG, A/S
Aural-Normal aircraft sound,
communication - WSO
(calls bomb plot)
Control-Neutral aileron &
rudder pressure,
constant stabilator
pressure
Motion-Congtant positive
congtant pitch
roll stabilized

TURN
congtant
constant

~
Ty

Determines need
for trim

65

72/ ”
KLy L i
O c BAme Hwmo

(,f‘ M A

a4
55 | o /.’2

AWdjusts trim,
maintains stabilator
Fressure
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SITUATION

TASK NO.CR-2g tagk _45° High Dive Toss/Controlled Range

Established on downwind,
12,000 feet AGL, 325 knots, weapons select switches set

& confirmed with WSO,

second aircraft,

straight and level,

first pass, new event.

AIRCRAFT__F-4E

TASK GoAL _Perform Dive Toss on prescribed target BATE Sept.. 1977
sEzld. n CUES B MENTAL ACTION B MOTOR ACTION

ESTABLISHED ON DOWNWIND TO T
Visual-Pitch att: level
Bank att: level
Target
Range landmarks
Leading aircraft
Aural-Normal zircraft sound
Control-Aileron & stabilator
pressure
Motion-Normal G

ARGET

Determines proper
spacing from lead
& distance from
target

Sustaing level
flight

P26 ol 27
Oc Bme Bmo
M
bl = 1 FE
20| ¢P | /&%
385 | 7o | 2

Maintains required
aileron & stabilator
control

CONTINUES DOWNWIND
Vigsual-Pitch att: level
Bank att: 1level

Tarset

Range landmarks

Leading aircraft

Fit.Inst: A/S, Alt.
Aural-Normal aircraft sound
Control-Aileron & stabilator

pressure
Motion-Normal G

Determines base
roll in position

Sustains level
flight

K25 .2 287
Hc g ime | feo
ml/c' C/‘%t)' A

/

VARV

Maintains required
aileron & stabilator
control

a¢| CP | /&

PREPARES TURN TO BASE
Visual-Pitch att: level
Bank att: 1level

Target

Range landmarks

Leading aircraft
Aural-Normal aircraft sound
Control-Aileron & stabilator

pressure
Motion-Normal G

Anticipates roll in
to base leg

Sustains level
flight

n:: [F me HmMo
) ﬁh?\‘.“‘
L
/4,
2 | & | 4
35 | 7o )z
Maintains required

aileron & stabilator
control

STARTS ROLL IN TO EASE
Vigsual-Pitch att: level
Bank att: level

Target
Range landmarks
Leading aircraft
Aural-Normal aircraft sound
Control-Aileron & stabilator
pregsure
Motion-Normal G

Determines position
to roll in to base
: maintain proper
spacing

67

o 270
@ c Bme Bmo
ve | Mc R

o [

CEIE weuY ‘,./ CTTY
35 | /78 VS
Coordinates aileron
& rudder movement
with stabilator
pressure

Slaoe e e o e T

el e oo




Established on
12,000 feet AGL,

SITUATION __& confirmed with WSO,

downwind,

straight and level,
325 knots, weapons select switches set

second aircraft, first pass, new event.

TASK NO. CR~28 yagk _45° High Dive Toss/Controlled Range

AIRCRAFT F-4E

TASK Goal_ rerform Dive Toss on prescribed target pATE Sept., 1977
SEELé. n CUES E MENTAL ACTION B MOTOR ACTION

E. | CONTINUES ROLL IN
Vigsual-Pitch att:
Bank att:

Target
Range landmarks
Leading aircraft
Aural-Chg. in aircraft sound)
communication - (Lead
cleared "in" by range
officer)
Control-Increased aileron,
stabilator & rudder
pressure
Motion-Positive G onset,

increasing
rolling

Aura

Determines satis-
factory roll rate
& need for power

29 & e
n [ H Me nMo
V"‘ ez

45’ “oF {"/“
éz§ 5,25 //5

Maintains coordinated
aileron & rudder
pressure, increases
stabilator pressure,

pitching up, rolling adjusts throttle
F. | STOPS ROLL IN (475 S K0
Visual-Pitch att: increasing e —
Bank att: constant O c 8me Bmo
VA M A
Target aM
Range landmarks Determines proper g A
Leading aircraft bank attitude 4 cF 20/
Aural-Chg. in aircraft sound{approaching s e e
Control-Constant aileron & = LL
rudder, increased @S 75 //
stabilator pressure, Coordinates aileron
throttle advance & rudder pressure,
Motion-Increasing positive Gj maintains stabilator
pitching up, rvulling pressure
G. | ESTABLISHES TURN TO BASE Ly & 292
Visual-Pitch att: constant Oc @ame Bmo
Bank att: constant y “po finio srociss t conriay
Determines need to Ve M,
Target communicate M ng A
Range landmarks (position & fuel) Sy ”““““'”';“Z%
Leading aircraft to range officer 3 0F ’ﬁ
Aural-Normal aircraft sound et TRt e o ML
Control-Neutral aileron & Sustains level A 7
rudder, constant flight 7 /47
gstabilator pressure Maintains required
Motion-Constant positive G, aileron & stabilator
pitch & roll control, activates
gtabilized mic., button,
communicates
fi. | PREPARES ROLL OUT Ry, H 237 f
Visual-Piteh atts constant | 00 |5 !
Ll ™
Bank att: constant ?/Ac BM:. B -
Target Anticipates roll oM (13 A
Range landmarks out to base Lt tw ;ﬁ'
Leading aircraft 4L{7 [77
Aural-Normal aircraft sound,|Sustains turn T H .
communication /
Control-Aileron & stabilator e ;Q/ /‘; Y
pressure, mic, Maintains reaquired
switch function PYEET S e s
' Motion-Constant positive G, ileron & stabilator
——— pitch & roll constant control

68




SITUATION
TASK NO.CR=-cp

TASK GOAL

Established on dowrnwind, stra level,
12,000 feet AGL, 325 knots, elect sw1tc 1es set
& confirmed with WSO, secord .. tivsb Da new_evert,

TASK 45

High Dive Toss/Controlled R:

e

AIRCRAFT =45

Perform

Dive Toss

on

prescribed tar

el

Sept., 1977

DATE

EL.

SEQ.

n CUES

B MENTAL ACTION

E MOTOR ACTION

E.

STARTS ROLL OUT
Visual-=Pitch att:
Bank att:

T sroet

Leading
wurzl-lormal
Cortrol-Aileron
pressure
lNotion-Constant
pitch &

constant
con

ge landmarks
aircraft
aircraft

stabi

positive
roll const

stant

sound
lator

~
Uy

ant

(&253

Thae w

[

278
| ﬂ mMe aMg

niO PO

Determines position zfv Lﬂ? AZ
to roll out to baseg wwmmw /
for spacing & jg—ﬂ /5r
distance from = k%
target
: o asv | /S
foormlr es ailercn

with

rudacer

stabilator movement
Jd. | CONTINC ROLL OUT G2zs T FIs
hsual»P.ltcn att: decrezsing Oc B8 wme Bwmo
Bank att: rolling ; &2 fwro FRociss 1 conmmurss
Target Determines satis- | A/ MC <
Range laendmarks factory roll rate T A
Lezding aircraf & need to reduce 3( (’/‘7 2,/;2[
Aureal-Normal aircraft sound |power ~wroTwET et
Control-Increased zileron, z
stabilator rudder s "775 //5'
pressure laintains coordinated
lotion~-Decreasing positive G aileron §& dder
pitch decreasing, pregsure, relaxes
rolling stabilator pressure,
qdjusts throttle
(« | STOPS ROLI -2 L Z
Visual-Pitch att: decreasing L9
—_— : . c 1 Me Mo
Bank att: rolling I://? ﬂ .Bmo
1
Tarset aM MC /4
Range landmarks Determines wings SRR “;;""
Leading airecraft level approaching 40 f7 (Za
Aural-Chg. in aircraft sound S e
Cortrol-Constant aileror %/’
rudder pressure, es e
decreased sta ‘11 tor
pressure, throttle
reduction
fotion~-Decreasing positive G4 oves aileron
pitch decrezsing, rucder, relaxes
rolling stabilator pressure
Le STAELISH LEVEL FLIGHT +SE R & Rl2
Visual=~Pitc 1itt: level
ank att: level
Tarcet
Range landmarks v SC
Leading aircraft 317 CV7 fh
Aural-Normal aircraft sound weurwnes :
Control-lieutral aileron L0 éﬁ; //;2
rudder, decrezsed
stabilator pressure Decreases stabilator
Notion~Normal G, pitch pressure and
roll stabilized djusts throttle
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TASK NO. CR-2g ragk 45° High Dive Toss/Controlled Range

Established on downwind,
12,000 feet AGL, 325 knots, weapons select
SITUATION & confirmed with WSO, se

straight and level,

switches set

2cond aircraft, first pass, new event.,

AIRCRAFT_F-4E

GOAL Perform Dive Toss on prescribed target

|
|

TASK DATE .::eft., 1977
i n CUES E MENTAL ACTION ﬂ MOTOR ACTION
. | CONTINUES BASE LEG - 256
Visual-Pitch att:‘@ecreasing S e G
T Bank att: 1level !; 'F!,"!',‘. 8o
Target Determines proper Z;4 M{ /4
Range landmarks altitude, =zirspeed SecsioRFRoE [ WoToRGUTF
Leading aircraft & spacing approach- ,457 67 SZ
Flt.Inst: Alt, A/S ing ] /7 AL,
Aural-Chg. in aircraft sound =
Control-Increased stabilator S5 é;b #//
pressure, throttle
reduction
liotion-Normal G, Increases stabilator
pitching down pressure
l. { CONTINUES ON BASE 7 282
Visual-Pitch att: level dy £ —
Bank att: level q-z‘f |ll_nggg‘.g__°
Target Determines proper K4 MC A
Range landmarks altitude, airspeed, ’“"““““"““’””?ﬁ“
Leading aircraf L track; need for 2 cF 5&f
Plt.Inst: Alt, A/S trim e e T
Aural-lNormal aircraft sound = /
Cortrol-Increased stabilator 48 o ;/:2
pressure Ad justs trim &
Motion-Normal G, pitch relaxes stabilator
stabilized [pressure
0. | PREPARES TURN TO FINAL

Visuzl-Pitch att: level
Bank att: level
Target
Range landmarks
Aurel-Normal airc sound
Control-Neutral stzbilator
pressure, trim
switch function
Motion-Normal G

RRo 2 27
@ c Bwme Bmo

larget
Range landmarks
Aural-llormzl aircraft sound

pcrtr01 Aileror stabilator
control

lotion-Normal G
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20 /S0 V-S
ctive s Wio. button
L communicates,
oordinates aileroz
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